Eighteen parasite-free pony foals were infected orally with 500 third stage larvae of Sfrongylus vulgaris. At 56 days after infection, six ponies were treated with intramuscular ivermectin (22,23-dihydroavermectin B 1); six were treated with oral ivermectin; and six were not treated. Necropsy was done 91 days after infection to study the pathologic effects of migrating S. vulgaris larvae and to determine the efficacy of ivermectin in attenuation of S. vulgaris-induced lesions.
Parasitic infection is a major cause of human eosinophilic pneumonia, which is an inflammation of the pulmonary parenchyma dominated by eosinophils and histiocytes and frequently accompanied by eosinophilia. Parasites may induce eosinophilic pneumonia directly by larval migration through the lungs or indirectly through hypersensitivity reactions.I6 The pathologic effects of migrating Strongylus vulgaris larvae in experimental equine infections have been reported; however, such reports often are limited to descriptions of arterial and intestinal lesion^.^.^-^, 14, Other investigators have extended their findings to include parasitic lesions in the liver and abdominal lymph node^.^**'^^ Pulmonary disease has not been attributed to infection with S. vulgaris.
Ivermectin is an avermectin derivative with potent anthelmintic activity against a broad spectrum of parasites.6 Previous reports have described its efficacy against eight-week-old S. vulgaris larvae and the resolution of arterial lesions produced by those infections. 11, 20 It is the purpose of the present paper to characterize the extravascular lesions associated with late migration of S. vulgaris larvae and the effect on such lesions by treatment with ivermectin.
Materials and Methods
Eighteen seven-to 12-week-old pony foals were reared in a parasite-free state in cages with raised grated floors and ex-panded metal walls as previously described.' The ponies were grouped into six replicates-each containing three foals of similar age and body weight. All 18 foals were infected orally on day 0 with 500 third stage larvae of S. vulgaris which were enumerated and identified microscopically from cultured feces of ponies with surgically induced monospecific infections of S. vulgaris." Each foal in each replicate received one of the following three treatments 56 days after infection: intramuscular injection of 0.2 mg ivermectinlkg body weight, oral administration of ivermectin paste at a dose of 0.2 mg/ kg, or no treatment. All foals were killed by electrocution and exsanguination 9 1 days after infection. Larvae were recovered from the aorta and major mesenteric arteries as described."
Lung weight was recorded at necropsy. The ratio of lung weight to body weight was compared among the treatment groups by analysis of variance. The left cranial lobe of the lungs was perfused via the lobar bronchus with 4% formaldehyde, 1 % glutaraldehyde" at 30 cm fixative pressure. Tissue from remaining lung lobes and other major thoracic and abdominal organs was fixed by immersion in 10% buffered formalin. Hematoxylin and eosin (HE)-stained paraf€in sections of heart, lungs, liver, kidney, spleen, jejunum, cecum, colon, and lymph nodes (mesenteric, cecal, and colic) from each foal were evaluated, without knowledge of treatment regimen, for the presence and severity of parasite-induced lesions. Sections of stomach, duodenum, ileum, tracheobronchial lymph nodes, splenic lymph nodes, and pancreas were examined in selected cases.
Tissue sections from parasite-free pony foals were examined retrospectively as negative controls for histologic evaluation of S. vulgaris-induced lesions. The foals, which had been maintained parasite-free in a manner identical to that used for the experimentally infected foals, included one foal which was killed at 14 weeks of age and 12 foals which died of nonparasitic diseases from two to 25 weeks of age.
Results
Major macroscopic lesions in the three treatment groups are compared in table I. Lesions were more severe in untreated foals and included up to ten red to yellow, firm or caseous subpleural pulmonary nodules, 1 to 3 cm in diameter ( fig. 1 ); similar nodules in the hepatic parenchyma; fibrous tracts in the hepatic c a p sule and parenchyma; organized fibrinous adhesions of abdominal serosa, particularly that of the intestines, liver, abdominal wall and diaphragm; enlargement, edema, and hemorrhage in mesenteric, colic, and cecal lymph nodes; and serosal and mesenteric edema. Serosal hemorrhage at the tip of the cecum and serosal nodules in the small and large intestine were observed occasionally. Lung weight, expressed as a percentage of body weight, did not vary significantly among the treatment groups (p > 0.10).
Microscopic lesions were also more severe in foals which received no treatment (table 11). In the lungs, eosinophils formed cuffs around bronchi and bronchioles; infiltrated bronchial and bronchiolar mucosa and submucosa, interalveolar septa, and interlobular septa; and occurred apparently free in alveolar spaces (figs. 2, 3). Interstitial aggregates of lymphocytes, macrophages, and eosinophils varied from microscopic to macroscopic and were the usual histologic counterpart of the nodules observed at necropsy ( fig. 4 ). Bronchusassociated lymphoid tissue was more prominent and hypercellular in infected foals than in parasite-free foals amd was not affected appreciably by ivermectin treatment. Multifocal intimal mineralization and adventitial fibrosis of bronchial arteries were observed only in infected foals. An eosinophilic granuloma in the lung of an untreated foal contained a S. vuZguris larva, 650 pm in diameter ( fig. 5 ). The larva was consistent in size and morphologic features with fourth stage larvae from arteries of the foals. No larvae were seen in pulmonary sections from other foals. Eosinophilic pneumonia was a consistent finding in foals experimentally infected with S. vulguris but was not observed in uninfected foals.
In the liver, there were increased numbers of eosinophils in sinusoids and multifocal aggregates of eosinophils in portal regions. Bile ductules were focally hyperplastic ( fig. 6 ); larger ducts often were surrounded by excessive fibrous connective tissue. Multifocal eosinophilic granulomas were located randomly in hepatic lobules. Degenerated larvae were observed in these granulomas in one foal which was treated with oral ivermectin and in one untreated foal.
In the small intestine, the jejunum was affected more consistently by marked eosinophilic enteritis than were other segments. Eosinophils diffusely infiltrated the tunicae mucosa and submucosa. Eosinophilic granulomas with necrotic centers and focal abscess formation were scattered in the serosa and occasionally extended into the tunica muscularis. These granulomas contained a center of intact and degranulated eosinophils and a fibrous capsule which was infiltrated by epithelioid macrophages, lymphocytes, plasma cells, and multinucleated giant cells. Cross sections of larvae in various stages of degeneration were observed in these granulomas in one foal which was treated with injectable ivermectin and in one untreated foal ( fig. 7 ).
Cecal and colonic changes were similar to those in the small intestine. The tunicae mucosa and submucosa were infiltrated diffusely by eosinophils with accompanying lymphocytes, plasma cells, and macrophages. Faintly eosinophilic edema fluid widened the tunica submucosa in some foals. Eosinophilic granulomas, some of which contained degenerated larvae, and nodular aggregates of lymphocytes, plasma cells, and macrophages occurred focally in the tunica serosa-particularly that of the cecum. The serosal granulomas extended locally into the tunica muscularis. S. vulguris larvae were observed histologically in serosal granulomas in one foal which was treated with injectable ivermectin and in one untreated foal.
Mesenteric, cecal, colic, splenic, and tracheobronchial lymph nodes were characterized by follicular and paracortical hyperplasia. Eosinophils were abundant in the paracortical regions and medullary sinuses, where they were accompanied by increased numbers of macrophages. Hyperplasia of lymphoid follicles and periarteriolar lymphoid sheaths was evident in the spleen. mm.
There were scattered aggregates of epithelioid macrophages with occasional multinucleated giant cells in the red pulp. Eosinophils occurred diffusely and as small aggregates in the red pulp.
Histological lesions were observed in the myocardium of only one untreated foal in which a subepicardial eosinophilic granuloma contained a degenerated larva. Perivascular accumulations of eosinophils and mononuclear inflammatory cells occurred occasionally in the kidney, particularly at the corticomedullary junction. Focal gastric erosions and superficial ulcers resem-bled those associated with Gasterophilus spp larvae; however, such larvae were not observed in these foals. The cause of these gastric lesions, which occurred in treated and untreated foals, was not determined.
Discussion
Systemic eosinophilic inflammation was observed 9 1 days after infection with S. vulgaris. The results of larval recovery from these foals indicated 99 and 100% efficacy of the injectable and oral paste formulations of ivermectin, respectively.' ' Arterial lesions were milder in treated foals as described in a separate paper.'' The present report also documents that injectable and oral ivermectin were equally effective in reduction of extravascular lesions of S. vulgaris infection. The parasiteinduced lesions in the intestines, lymph nodes, spleen, and liver are similar to those previously described;I2 however, eosinophilic pneumonia has not been associated with S. vulgaris infection before this study. 22 Eosinophilic pneumonia was not reported in a foal which died with pneumonia due to Salmonella typhimurium 91 days after S. vulgaris infe~tion.~ No larvae of S. vulgaris have been found previously in the lung by histologic examination or digestion techniques.'** However, a single S. vulgaris larva was recovered in thoracic cavity washings from one of five foals and from a bronchial lymph node of a second foal. No pulmonary lesions were evident in any of those foals8
Lung lesions associated with S. edentatus have been considered unusual and due to aberrant migration. Nodules (eosinophilic granulomas) occurred in the lungs of strongyle-naive foals infected experimentally with S. edentatus and one to two larvae were found in the lungs of three of 12 foals.I3
The effect on the equine lung of early S. vulgaris migration has been recognized [R. Ochoa, personal communication]. In those ponies, pulmonary lesions Thereafter, subpleural lymphocytic nodules were the principal lesion. These nodules, which were similar to those in our foals, frequently contained ascarid larvae. Strongyle larvae rarely are found in the lungs of infected animals; therefore, this form of eosinophilic pneumonia is seldom histologically distinct from that caused by other agents.
The results of this study demonstrate that a single exposure to a relatively small number of infective S. vulgaris larvae induces systemic eosinophilic inflammation that is not limited to arteries and the intestinal tract. The repeated presence of larvae in eosinophilic granulomas of the lung, heart, and liver suggests that aberrant migration of S. vulgaris larvae is not unusual and is related causally to the lesions in these organs. A single administration of ivermectin at 0.2 mg/kg body weight in either the injectable or oral paste form, 56 days after infection, was effective in reducing the gross and microscopic lesions of experimental S. vulgaris infection. up to 35 days after infection consisted of focal pleuritis with adjacent alveolar infiltration by fibrin and eosinophils. Diffuse eosinophilic pneumonia was not apparent. The difference between those foals and the foals in the present study may be related to the difference in duration of infection.
Strongylus vulgaris is incriminated as a cause of equine eosinophilic pneumonia in the present study by the consistent presence of the pneumonia in infected foals, by its absence in parasite-free foals, and by its attenuation with anthelmintic therapy. In adult horses, eosinophilic infiltration can be a feature of chronic obstructive pulmonary disease (heaves) and may be a hypersensitivity to antigens of fungi or thermophilic actinomycetes.* Eosinophilic pneumonia and granulomas in foals have been attributed to migrating larvae of Habronema species" or Parascaris e q~o r u m . '~*~~ Eosinophilic pneumonia was an early lesion in parasitefree foals which were infected experimentally with P. equorum." Histologic changes in those foals at 14 days after infection consisted of eosinophilic bronchitis and bronchiolitis which were strikingly similar to the pulmonary lesions of the foals in the present study. However, in ascarid-infected foals, eosinophils were replaced by mononuclear cells within one month after infection.
